The sub-Saharan region holds a wide variety of indigenous plant species, still offering the possibility to discover very interesting new natural products with potential therapeutic value. Most of the African population depends on traditional medicine for primary health care, however, neurological disorders are often not considered as common diseases and many people with mental illnesses, like epilepsy, are severely affected by health-related stigma and discrimination. Epilepsy is the most common serious chronic brain disorder, estimated to affect at least 10 million people in Africa. Guinea-Bissau is located in West Africa, and its population is mainly rural with very few health services available. Since the earliest times, Guinea-Bissau flora has constituted the main source of materials used in folk medicine and the local population, who is well versed in the uses of these plants and their properties. The aim of this study was to document the existing knowledge and practices related to the treatment of neurological disorders, namely epilepsy and seizures, in Guinea-Bissau and in other West African countries. The results presented from this study provide information not only on the specific plants used to treat neurological disorders, but also on social knowledge brought in by various ethnic groups, each one having its own culture, beliefs and ways of nature appropriation. Taking into account the existing knowledge on the medicinal properties of plants for treatment of neurologic disorders, it is believed that research in the areas of ethnomedicine and ethnopharmacology in Guinea-Bissau can bring promising results capable of adding value to the very rich natural resources of this country of West Africa.
Introduction
Sub-Saharan Africa is rich in both biological and cultural diversity. Plant diversity is central to human wellbeing, especially in food production but also as a source of fiber for clothing, wood for implements, fuel, natural medicines and products, and also cultural and spiritual [1] . The sub-Saharan region still boasts a wide variety of indigenous plant species and it is still possible to discover new and very interesting natural products with potential therapeutic value [2] . According to the World Health Organization in some African countries, 80% of the population depends on traditional medicine for primary health care [3] . African folk medicine is a holistic discipline involving extensive use of indigenous herbalism combined with aspects of African spirituality [4] . In general, the traditional medicine encompasses the use of substances such as herbs, plants, animals and mineral elements, with dosages and practices based on sociocultural norms and religious beliefs as well as witnessed experiences and observation of a specific group, namely traditional healers [5] [6] [7] .
The traditional healers provide a popular and accessible service, especially in the rural areas across the African continent where the sanitary situation is characterized by a lack of qualified health workers, medicines and equipment [8] . In general infectious diseases, such as malaria, AIDS, cholera, and tuberculosis are still common and are considered serious threats to public health [9] [10] [11] . As the access to conventional health care is often difficult, people use both conventional and traditional medicines to improve their health condition. So, the traditional medicine is an important element in the cultural patrimony and remains the main resource for the majority of people for treating health problems, particularly in rural areas [12] . However, neurological disorders are often not considered common diseases by most of the African population. Many people with mental illnesses, like epilepsy and other conditions, are severely affected by health-related stigma and discrimination.
Epilepsy is the most common serious chronic brain disorder, estimated to affect at least 50 million people in the world, of which 10 million live in Africa alone [3, 13, 14] . In May 2000 Professionals from the Health, Social Sciences and Universities around Africa proclaimed the Africa declaration considering Epilepsy a health Priority in Africa [15] . However, progress has been slow with the treatment gap estimated to be around 80% to 85% especially due to: 1) lack of specialized personnel; 2) insufficiency of material; 3) lack of drugs or high cost; 4) cultural interpretation.
Guinea-Bissau is located in West Africa, and its borders are surrounded by the Republic of Senegal in the North, by the Republic of Guinea in the East and South, and by the Atlantic Ocean in the West. Geographically, Guinea-Bissau comprises a continental mainland and a group of 52 islands, the Bijagós Archipelago (Figure 1) . According to the last National Census 2009 about 1.5 million inhabitants populated an area of 36.125 km 2 [16] . The population is mainly rural and very few services are available to the people. Since earliest times Guinea-Bissau flora has constituted the main source of materials used in folk medicine. In general, all Guinea-Bissau population shows an extensive knowledge of plants and their properties. They maintain a deep relationship with the surrounding environment throughout their lives, using the natural resources to supply most of their needs. Nevertheless, the long-established knowledge of the medicinal properties of plants is nowadays under risk of disappearing, due to sociological changes that took place in the country over the last decades: namely the change of land usage, mainly through conversion of natural ecosystems to agricultural land and urban areas.
The Guinea-Bissau phytotherapeutic heritage was further developed and enriched by the knowledge brought in by various ethnic groups that migrated to this region from many areas, including Senegal, Sudan, and the Sahara region, e.g. Republic of Mali. Although Guinea-Bissau has a quite small territory, a large ethnical diversity was able to establish in this region, which is represented by approximately 30 groups (e.g. Balanta, Papel, Fula, Mandinga and Manjaco) each one having its own culture, beliefs and ways of nature appropriation. It must be noted that traditional healing methods are common and popular among Guinea-Bissau ethnic groups, particularly for treating people with mental disorders, but little information is available about the outcome of these traditional healing approaches. In Guinea-Bissau, there are no neuroscience personnel, and no brain diagnostic equipment [15] . Moreover, there is an almost absolute lack of trustworthy data available on neurological disorders and their incidence on the population of Guinea-Bissau. One of the few studies available was done by De Jong et al. [17] , which performed an enquiry on the rural populations of Guinea-Bissau, concluding that the mental illnesses considered a priority in this country are psychoses, epilepsy and neuroses. Among the mental ailments referred to neuroses are the most frequently found, nevertheless there is a lack of attention when it comes to these patients. In that study, De Jong et al. [17] consider that any treatment program has to be carried out with the intimate collaboration of the family and of the most influential people of the village and the traditional healers. These healers were considered very important in the treatment of neurologic illnesses because they helped to prevent the exaggerated use of medication and helped to guarantee the treatment of latent psychosocial problems in the Guinea population. This study was carried out to document herbal medicines used in the treatment of epilepsy and seizures, and to document the existing knowledge and practices related to this in Guinea-Bissau. It is intended to present some alternative forms of treatments, without resorting to medication and chemicals, having as a base the collection knowledge passed on from one generation to another. Therefore, a study centered on Guinea-Bissau is carried out here, and complemented by information obtained from neighboring countries, namely, Senegal, Gambia, Cameroon, with the objective to provide a global vision about the subject of medicinal plants and therefore contribute to transform popular knowledge into national resources, giving value to the flora in this region of West Africa [12, [18] [19] [20] .
Materials and Methods
For the present study research was done on the available information about medicinal plants commonly used for treatment of neurologic illnesses in West Africa, especially Guinea-Bissau, with particular attention on epilepsy and convulsions.
The ethnobotanical data were mainly obtained through a review conducted on several published works, that included references to the medicinal flora of Guinea-Bissau [21] [22] [23] [24] , and through the study of numerous specimens housed in Tropical Research Institute (LISC Herbarium), where the largest collection of specimens from GuineaBissau is found at a worldwide level.
Extensive fieldwork was carried out by some of the authors (Indjai and Catarino) over the last ten years in different regions of Guinea-Bissau. Ethnobotanical information (e.g. plants used in folk medicine) was documented during these surveys, which complement the inventory of the plant diversity of this country. In addition, two field expeditions were performed to Bijagós Archipelago (Figure 1 ), namely to Orango and Canhabaque Islands, in order to collect comprehensive data from traditional medicine practitioners on medicinal plants commonly used for treatment of neurologic disorders in Guinea-Bissau.
At the beginning of the fieldwork campaign, a meeting was held between the researchers, Bijagós Islands National Park staff members, and local community leaders, in order to: 1) explain the aim of the work and its integration in the Park activities; 2) get cooperation and permission to use the cultural heritage of Bijagós people; 3) select the informants according to their level of knowledge, age and gender; and 4) plan the field activities.
During the fieldwork in Orango Island (in the third quarter of 2007) and in Canhabaque Island (in the first quarter of 2012), twenty-six traditional medicine practitioners were selected as the best traditional knowledge holders. Semi-structured interviews were carried out in order to document the ethnomedicinal use of local flora. All of them agreed to participate and the interviews were performed in Creole, the vehicular language in the country. When needed, the translation to Bijagó, the language of the Bijagós ethnical group, was made with the support of the Orango Park staff. Data collected during the fieldwork included: applications and parts of the plant used; methods of preparation and administration routes; and common and local name of the plant. It must be pointed out that the authors have a deep knowledge of local flora and during the fieldwork a member of the study team (Indjai) served as an interpreter when necessary. At the end of each interview, voucher specimens of plants mentioned by the interviewees were collected. The plants were identified by staff at the LISC Herbarium of the Tropical Research Institute, Lisbon (Portugal).
All the information obtained for Guinea-Bissau was further complemented by investigation of the information on the medicinal species used to treat epilepsy and convulsions in West Africa. For this purpose some published works [e.g. [25] [26] [27] ] and the database PROTA [28] were consulted.
Results and Discussion
Recent trends in research into African plant uses, show that traditional medicine is commonly used to treat neurological disorders in the West African region, and some recent publications are available, namely for Nigeria [29] , Gambia [30] , Senegal [31] , and Cameroon [26, 32] . However, there are still very few studies on this subject for Guinea-Bissau [17] .
For the West African countries considered in our study, a total of 67 plant species, distributed over 55 genera and 32 families were reported as used to treat neurological and mental disorders ( Table 1) . From these, 54 are woody plants and 13 are herbs. Most of the woody plants used are trees and shrubs (29 and 13 species, respectively), but six species of subshrubs and six species of lianas and climbers are also used. Among the herbaceous species used eight are annual and five are perennial. The best represented families are Fabaceae (18 species), Euphorbiaceae (7 species) and Apocynaceae (4 species).
When it comes to the geographic distribution of the species used in traditional medicine in West Africa to treat epilepsy and other neurological disorders, 56 species are native and 11 are introduced, of which, 8 are grown and 3 are found naturalized. The native species are mainly of tropical African distribution (38 species), 11 are paleotropical plants, 6 pantropical plants and one with an Afro-American distribution.
From the 67 species (see Table 1 ), 53 are used in Guinea-Bissau for several medicinal purposes and non- medicinal purposes (e.g. food, fibers, phytochemical use, and wood). Of these, 41 have a medicinal use in the country, however only 14 were reported to be used in the treatments of mental issues in a wide-ranging mode. Nevertheless, among these species, only one (Securidaca longipedunculata- Figure 2(a) ) was mentioned in the West African publication consulted. Several factors can contribute to the relatively low number of references to medicinal plants for the treatment of mental issues. In fact, during the fieldwork performed by some of the authors in rural areas of Guinea-Bissau, it was possible to verify that, with some exceptions (e.g. Uvaria chamae- Figure 2(b) ); the neurologic illnesses are rarely mentioned by the healers during interviews. In many cases the neurologic illnesses are attributed to unknown causes or to supernatural causes, and often only the symptoms are referred to, for example: convulsions, insanity or strong headaches. Furthermore, in one of the few available studies [33] , it is referenced that in Guinea-Bissau, the large majority of people that go to hospitals and health centres, do so in parallel with the traditional medicine practitioners, which have a great influence both in the behavior and the thought process of the Guinea-Bissau citizens. On the other hand there is a great lack of formal structure, while the traditional medicine depends only on the local resources available that leads to the fact that local healers have a very important role in the provision of health services in the population of Guinea-Bissau, particularly in the rural areas. the knowledge of the medicinal properties of plants and other therapeutic techniques, without resource to rituals or prayers; the other type of therapeutic practice resorts to aspects of spirituality and combines the use of medicinal plants with rituals and prayers.
These results are in agreement with the ethnomedical classification used by Mencagli [34] , which considered that the traditional healers are divided into three main categories: 1) specialists in medicinal plants and/or some specific techniques (bone repairmen, dentists, matrons, specialist massage and application of horns); 2) experts During the interviews with traditional medicine practitioners as part of the fieldwork to collect ethnobotanical data, it was possible to identify two main different types of practices in traditional medicine: one takes into account on religion and healing with ceremonies (djambacosses, balobeiros, marabouts, mouros) acting as mediums of Irans (spirits); 3) experts who do a combination of the above specialties (commonly named curandeiros).
In Guinea-Bissau, neurological disorders are thought to be caused by many different factors such as evil spirits (Irans, as known in the country) or witchcraft. As in other African countries, treatment by traditional healers is in keeping with this and includes the wearing of amulets, drinking of herbal remedies, bathing in decoctions or infusions made with specific roots and leaves, and giving out charity or local treatments [35] .
This way, for many ethnical groups interviewed in Guinea-Bissau, neurologic illnesses in general and epilepsy in particular are attributed to possessions by spirits termed locally as "Irans", leaving the victim vulnerable to attacks at any moment and therefore leaving the physical integrity of the individual susceptible. Another cause found during the fieldwork, for the neurologic and mental disturbances is related to witchcraft, referred locally as "manjidura". When an epilepsy attack occurs people are reluctant to act promptly because they fear the reactions of the Iran, which increases the strength of the victim during the epilepsy attack and can cause the aiding person to get hurt.
Beyond everything that was previously mentioned, there is also the difficulty that health technicians have to diagnose the patients that suffer from neurological disorders sensu lato, because in the majority of the cases they show other symptoms, such as headaches and body pains, fevers and convulsions, weakness and pains in the upper and lower limbs. That often implies that healers do not recognize those disorders as neurologic in nature, that maybe one of the contributing reasons for the fact that only a few numbers of plants are reported for these ends in Guinea-Bissau. According to De Jong et al. [17] , the disorders of neurologic nature are recognized with difficulty by the health technicians, and often there is a high level of passivity that contributes to the fact that patients remain with no means of medical assistance, especially in the rural areas of Guinea-Bissau.
The fact that this is a country where the majority of the rural areas do not have running water or electricity, where homes are mud huts and thatch-roofed, and the majority of the population does not have a regular education, allows for the possibility of an extensive knowledge of the usage of plants to heal the main illnesses. In this scope, it must be mentioned that during the fieldwork, the most mentioned disorders where malaria, breathing infections, diarrheas, skin disorders, tuberculosis or AIDS, were also confirmed during the exhaustive bibliographic research on this subject [22, 24] .
As was mentioned previously many other questions related to anthropologic reasons must be, in future works, considered, so that a global vision of the treatment of neurologic disorders in Guinea-Bissau is achieved. Our study was done mainly around botanical and biological questions and the majority of the fieldwork and the interviews focused on the healers, due to the fact that they are the ones using the plants, referring the parts used, application and preparation, but little reference to the religious side of the matter. However epilepsy as well as other mental issues is frequently treated by the djambacosses that use religion and other ritual practices to heal these disorders. The few djambacosses that were interviewed were not very receptive to pass-on this type of information which can hide the few plants that are mentioned by citizens of Guinea-Bissau to cure neurological disorders, contrary to what happens in neighboring countries of West Africa.
Conclusions
Even though the existing data for Guinea-Bissau is limited and old, the extent of mental issues in the country was assessed to be around 12% [36] , which makes it a potentially very serious public health issue. Nevertheless the majority of the cases remain undetected and untreated, both by the health services and traditional medicine. On the other hand the neurologic disorders are looked at by the public as a result of occult forces or witchcraft, which does not help a correct diagnosis and correct treatment for these types of problems.
It is therefore important to promote clarity of the general local public, particularly the practitioners of traditional medicine, on the causes, symptoms, and the possibilities of treatments for the neurologic disorders. This would help to demystify the neurologic and mental disorders, decrease the isolation and exclusion of the patients suffering these types of disorders and promote an adequate treatment whenever possible. The health services in Guinea-Bissau are very basic, particularly in the rural areas; therefore a better collaboration between the traditional medicine and the official medicine can help to solve a significant part of the serious health issues faced by the local communities.
Regarding the plants being used by the traditional medicine for treatment of neurologic disorders it may be possible to obtain a validation for many of their uses by pharmacologic tests, as has already happened with other types of plant uses by the traditional medicine in GuineaBissau [37] [38] [39] . Validations could be followed by toxicology and dosage tests with a view to return the knowledge to the populations. Taking into account the existing knowledge in the country on the medicinal properties of plants, it is believed that research in the area of ethnomedicine and ethnopharmacology in Guinea-Bissau must proceed in order to bring about promising results that can add value to the very rich natural resources of this country of West Africa.
